As part of an LCA study (Hamelinck and Van den Broek 2005) comparing an average Dutch passenger car running on petrol with a similar car running on bio-ethanol and comparing an average Dutch passenger car running on diesel with a similar car running on biodiesel, the question raised to get more insight into the allocations made in fossil fuel chains in existing databases such as ecoinvent. Various stakeholders representing industry, consumers and government were involved in this study, which was primarily intended to increase insight into LCA details for these stakeholders and further to yield understanding on how the environmental performance of biofuels chains is influenced by system choices and could be optimised. Specific data were collected for the LCA calculations on the bio-diesel passenger car, whereas the Swiss ecoinvent v1.1 database (ecoinvent Centre (2004) was used for the LCA of the fossil petrol and diesel passenger car calculations.
As part of an LCA study (Hamelinck and Van den Broek 2005) comparing an average Dutch passenger car running on petrol with a similar car running on bio-ethanol and comparing an average Dutch passenger car running on diesel with a similar car running on biodiesel, the question raised to get more insight into the allocations made in fossil fuel chains in existing databases such as ecoinvent. Various stakeholders representing industry, consumers and government were involved in this study, which was primarily intended to increase insight into LCA details for these stakeholders and further to yield understanding on how the environmental performance of biofuels chains is influenced by system choices and could be optimised. Specific data were collected for the LCA calculations on the bio-diesel passenger car, whereas the Swiss ecoinvent v1.1 database (ecoinvent Centre (2004) was used for the LCA of the fossil petrol and diesel passenger car calculations.
In biofuel LCAs, allocation is needed for a number of processes. Comparison of several LCA-studies showed that different allocation methods have been used in earlier studies on bio-fuels (See Broek et al. (2003) for a literature review) and it is generally known within the LCA community that this choice may significantly influence the final results of a particular study (cf. Bernesson et al. 2004) . In an LCA, comparing bio-fuels with fossil fuels, one should note that fossil fuel chains also contain various allocation situations, e.g. the refinery, while the allocations made in available databases are often a given fact that cannot be modified anymore. The participants of the study expressed that they would consider the current study to have a real added value to similar existing studies, if they could also gain insights into allocations made for the fossil chains as well. Since the ecoinvent 1.1 database contains a large number of unallocated multi-output processes and therefore in principle allows for calculating different allocation scenarios, it was decided to spend some time to unravel allocations made in this database, in order to enable other allocation choices within these chains as well.
Thus a quick scan LCA has been made elaborating a selected number of allocation scenarios for a selected number of multi-output (MO) processes for an average Dutch passenger car using fossil fuel as modelled in ecoinvent v1.1 for which specific car operation data collected (Hamelinck and Van den Broek 2005) . This paper presents an analysis of the differences in results due to three allocation methods: economic allocation, physical allocation and the allocation prin-DOI: http://dx.doi.org/10.1065/lca2006.06.253 Abstract Goal, Scope and Background. As part of an LCA study comparing an average Dutch passenger car running on petrol with a similar car running on bio-ethanol and comparing an average Dutch passenger car running on diesel with a similar car running on biodiesel, the question raised to get more insight into the allocations made in fossil fuel chains in existing databases such as ecoinvent. Both biofuel and fossil fuel chains contain various allocation situations that have been approached differently by various authors leading to differing and incomparable results. For biofuel chains, stakeholders had obtained insight into the allocations in earlier studies, but for the allocations made for the fossil chains, this was not the case. Therefore, one part of the study, which is reported in this paper, focused on a quick scan of different allocation scenarios for fossil fuels chains using the Swiss ecoinvent v1.1 database. Methods. The quick scan focused on three different allocation scenarios for fossil fuel chains: economic allocation, physical allocation and the ecoinvent default allocation. There appeared to be 54 multi-output (MO) processes linked to both the passenger car and the diesel system in the ecoinvent v1.1 database. Based on contribution analyses identifying which multi-output processes contribute most to one of the environmental impact categories of the characterisation, seven multi-output processes were selected that have been further analysed with the three allocation scenarios mentioned.
Results.
The results show that although at the process level allocation factors may differ significantly (up to almost 250), the total results only differ modestly (1-1.5), at least for the present case.
Discussion. There is no general rule between these two. They depend on the scaling factor and the environmental impact related to the resource extractions and emissions of a particular multi-output process and its upstream processes in the total system analysed.]
Conclusions.
The results of this quick scan are mainly intended for illustrating and learning purposes focusing on the possible influence of different allocation scenarios for fossil fuel chains. Bearing these limitations in mind, it can be concluded that different allocation methods can generate large differences in allocation factors and thus also at the level of environmental impacts allocated to the derived single-output processes. Nevertheless, the aggregated results for the present case only differ modestly.
Keywords: Allocation factor; allocation; ecoinvent database; economic allocation; fossil fuels; life cycle assessment (LCA); multi-functionality; multi-output process; physical allocation Int J LCA 2006 (OnlineFirst) ciple that the ecoinvent database takes as a default. Below, first some ecoinvent database issues and the flow chart of the passenger car will be presented. Subsequently, the allocation scenarios and the multi-output processes that have been analysed particularly, are reported and, finally, results and conclusions are presented.
Methods

The database
Some preparatory work had to be performed in order to be able to import the various ecoinvent v1.1 databases needed for this work into the software program used for the calculations: CMLCA (see: http://www.leidenuniv.nl/cml/ssp/ index.html). The ecoinvent v1.1 database contains four different sub-databases: 1. A database including all (116) Database 3 and 4 were of no direct use for our quick scan and we focused on database 1 and 2. Fig.1 illustrates how database 1 and 2 relate to each other with respect to multioutput processes.
For enabling different allocation choices and calculations, we needed to combine database 1 and 2 by removing the allocated multi-output processes from database 2, because these would otherwise be included twice. Although with some problems, we eventually succeeded to combine database 1 and 2 and were thus able to calculate results. We calculated results for an average Dutch passenger car running on unleaded petrol and an average Dutch passenger car running on diesel as modelled in ecoinvent v1.1. As the results of the petrol and diesel cars are quite comparable for the various allocation scenarios, we here only present the results for the diesel car.
The flowchart
In Fig. 2 a part of the flowchart for the operation of an average Dutch passenger (diesel) car has been drafted. It included recursion lines (loops) for processes that are included more than once in this flowchart. To simplify the chart, all capital goods have been excluded and processes have only been included to the third level, otherwise the flowchart would have become too large for this paper.
The total number of processes linked to the 'operation, average Dutch passenger diesel car [NL]' process amounts to 1584. In Fig. 2 only 66 processes are presented for the pragmatic reasons mentioned above.
Fig. 1:
The relation of ecoinvent database 1 and 2 to each other with respect to multi-output processes (Pr1, Pr1A, etc. refer to certain processes; P1, P2, etc. refer to certain products)
Multi-output processes and allocation scenarios selected
The allocation scenarios have been limited to the following three: 1. Economic value (economic allocation): in this scenario calculations are performed on the basis of the proceeds (quantity produced times price per quantity) of the valuable outputs of the multi-output process (Guinée et al. 2004 ). 2. Common physical parameter (physical allocation): in this scenario calculations are performed on the basis of a common physical parameter of the valuable outputs of the multi-output process. In this quick scan, the common physical parameter will be mass (kg) or energy content (MJ). If for a specific multi-output process a common physical parameter cannot be determined or derived, economic allocation will be applied again for that process. 3. ecoinvent default allocation: in this scenario the allocations are taken as currently implemented in the ecoinvent v1.1 database by its designers. The ecoinvent default allocation includes differentiated allocation factors (not just one for all inputs and outputs as in allocation scenario 1. and 2. above) based on physical-causal relationships, common physical parameters (mass or heating value) and/or the economic proceeds of the valuable outputs of the multioutput process after, where possible, processes have been split up in order to avoid allocation (Jungbluth et al. 2005) . Fig. 2 . The fourth column indicates whether a process is a multi-output (MO) process or not. In this simplified and partial flowchart only 4 multi-output processes are included, whereas the complete flowchart of the system includes 54 multi-output processes (see section 2.3)
There are 54 multi-output processes linked to the joint passenger car and diesel system in the ecoinvent v1.1 database. Within this quick scan, it is impossible to run the three allocation scenarios for all 54 multi-output processes and to collect price data for these etc. Therefore, contribution analyses have first been performed on the passenger car results using the default ecoinvent allocation determining which multi-output processes contribute most to one of the environmental impact categories of the characterisation (abiotic depletion, global warming, etc.). This has resulted to a selection of seven multi-output processes that have been further analysed with the three allocation scenarios mentioned above (Table 2) .
Note, however, that none of these seven multi-output processes contributed for more than 5% to one of the environmental impact category totals, except for abiotic depletion where the contribution of multi-output processes to the totals approached 50%.
For these seven multi-output processes the three allocation scenarios have been calculated. Following as much as possible the guidelines reported by Guinée et al. (2002) , price data have been collected through public sources as the CBS statistics and all kinds of relevant websites. The price data used for the economic allocation scenarios and the sources used for this are presented in Annex 1 (see p. 8).
Impact assessment
The inventory results were further processes with a characterization step. For this, the CML recommended baseline impact assessment method (Guinée et al. 2002) was applied, including the following impact categories and characterisation factors (Table 3) .
Results and Discussion
Below, results will be presented in terms of:
• allocation factors (determining the part of economic inputs, resource extractions, emissions etc. that is allocated to each of the valuable outputs of a multi-output process) for each of the three allocation scenarios; • impact assessment (characterisation) results for each of the three allocation scenarios (economic, physical and ecoinvent default allocation) for 1 km driving (operation of an average Dutch passenger diesel car) using the ecoinvent v1.1 database. (Guinée et al. 2002) 1 It may be clear that for this specific process mass allocation is not appropriate as it does not reflect at all the reasons for the existence of this process. Still some authors argue that mass allocation is the 'least problematic approach to use' (Sheehan et al. 1998 Crude oil, at production [NG] 83.1% 90.4% 90.4% Natural gas, at production [NG] 16.9% 9.6% 9.6% Process = [P2431] combined offshore gas and oil production [GB] b Natural gas, at production offshore [GB] 51.4% 35.7% 35.7% Crude oil, at production offshore [GB] 48.6% 64.3% 64.3%
Allocation factors (expressed in %) for selected multioutput processes for three different allocation scenarios
Process = [P2432] municipal solid waste to municipal incineration [CH] d
Disposal, municipal solid waste, 22.9% water, to municipal incineration [CH] 65.4% 65.4% * 100.0% Electricity from waste, at municipal waste incineration plant [CH] 11.0% 11.0% * 0.0% Heat from waste, at municipal waste incineration plant [CH] 23.6% 23.6% * 0.0% * For this specific multi-output process a common physical parameter cannot be determined or derived, and therefore economic allocation has been applied here again. a Physical allocation for this process is based on the mass, whereas ecoinvent default allocation is based on the economic proceeds of the products of the multi-output process. The allocation factors for the 'ecoinvent default allocation' scenario are different from those reported in ecoinvent Centre (2004), report No. 10, Section 5.1.2 as the latter appeared to be erroneous (see http://www.ecoinvent.ch/download/errors_v1.1.pdf). b Physical allocation and ecoinvent default allocation are both based on the heating values of the products of the multi-output process. c Physical allocation and ecoinvent default allocation are both based on the mass of the products of the multi-output process. For some specific flows, ecoinvent has applied other allocation rules resulting in very small differences (that almost disappear completely when rounding-off) between the results of the 'physical allocation' and 'ecoinvent default allocation' scenarios. d For this specific multi-output process, a common physical parameter cannot be determined or derived, and therefore economic allocation has also been applied for the 'physical allocation scenario'. 
Environmental impacts of average Dutch passenger diesel car for three different allocation scenarios
The results for 1 km driving with an average Dutch passenger diesel car are shown in Table 5 .
These impact assessment (characterisation) results above show that although at the process level allocation factors may show huge differences (up to almost 250), the total results only differ modestly (1-1.5; see 2 nd and 3 rd columns), at least for the present case. There is no general rule between these two. They depend on the scaling factor and the (direct and indirect) environmental impact related to a particular multi-output process. platinum group metal production, primary [ZA] process quantitatively only plays a very marginal role in the operation of an average Dutch passenger diesel car, then a huge difference in allocation factors will only give a minor change in the total result. However, if e.g. a very hazardous chemical emission would be involved in that process, the change in the total result could be more significant.
Conclusions
Before conclusions are presented, it is important to note that we have made no efforts to assess the representativeness and the general quality of the contents of the ecoinvent v1.1 database. For this exercise, we have taken it as it is. Moreover, the conclusions are only valid for the case-study of this paper and cannot simply be generalized.
Bearing these limitations in mind, the following conclusions can be drawn from this quick scan LCA on three different allocation scenarios for the passenger car fossil fuel chain using the ecoinvent v1.1 database:
• Different allocation methods can generate large differences in allocation factors for individual processes and thus also at the level of environmental impacts allocated to the derived single-output processes (differences up to a factor of almost 250 have been observed).
• Despite the point made in the first bullet, different allcoation methods can have quite limited differences in the LCIA results of entire product systems. For this specific passenger car case-study, the differences remain within a factor 1.5. This is due to the fact that the total result depends on the scaling factor and the environmental impact related to the resource extractions and emissions of a particular multi-output process and its upstream processes in the total system analysed, or in other words, it depends on the importance of that particular MO-process in the whole passenger car system. These scaling factors and impacts were relatively small for the seven multioutput processes in this quick scan.
The results are mainly intended for illustrating and learning purposes focusing on the possible influence of different allocation scenarios for fossil fuel chains. Besides other parameters, price data may influence the results. In this case the price data on the refinery products are the most important ones, as the influence of the other multi-output processes on the final results is marginal. As the system wide effect of choosing between economic allocation and mass allocation has shown to be small in the present case-study, it is obvious that deviations in price data will have an even smaller effect. However, in a different case-study, these effects might well be larger. A systematic sensitivity analysis as part of the interpretation phase remains necessary.
